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Discrete Scale Invariance

@ DSI = Universal form of observables
Log-periodic functions (cfr. Sornette)

@ Zero-range interaction (¢ = 0)
Particle-Dimer Scattering Length
GAD/G =d +d; tan[sp In(K*a) + d3]

@ dj, d>, d; Universal Constants

Recombination Rate at the threshold

p 1282 (41 - 3v/3) ha*
3 =
sinh?(mtsg) + cosh®(mso) cot?[sg In(k.a) +y] M

'

@ y Universal Constant
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Finite-range Calculations

@ N-body calculation using Schrodinger Equation
@ Finite-range potential

V(r) = Vo e/r8

@ Tuning of the Scattering Length
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Particle-Dimer Scattering Length
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Particle-Dimer Scattering Length
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Recombination at the threshold
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Recombination at the threshold

60 . . .
kg = 2.119 x 102
50 Kero = 1.899 x 1072 =
40
Ks \
hal/m \
nE .
10 \
AN e
0 .
0.1 0.2 0.3 0.4 0.5 0.6 0.7
keap + 14
K3 128m?(4m - 3v/3)

hag*/m sinhz(nso) + coshz(nso) cot?[sp In(keag + 1) + ]



Experimental data
B (G)
890 889 888 887
" "Li - PRL 108, 210406 (2012) ——
1.2 TN\
1.15 T

h

1.05 L
}\I\I\

8 9 10 11 12
1/(k3ap +T?)

ot
o F
\]

Olga Machtey, Zav Shotan, Noam Gross, and Lev Khaykovich
Phys. Rev. Lett. 108, 210406 (2012)



Outline

N-body Universality
N-Body States
Universality



N-body Efimov Ploo‘r

-1
ol B3
3l EY e
| 1B 4
sen(E) h?/mr? -5
-6
-7
-8
-9
-1 -0.5 0 0.5

ro/a



N-body Efimov Ploo‘r

1 S,
_ --..-.. B
_2 B JE% A'I--ibs‘m
p .l GD
'3 r JJS ‘m, Um
E& --B-- ‘-_ S
S, H(E) ‘E‘ T JEO rrrrr - “m
& h?/mr? -5 !
-6
-7
-8
-9
-1 -0.5 0 0.5
To/a
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@ Two five-body states for each four-body state
@ Two six-body states for each five-body state



N-body Efimov Ploo‘r

\‘ ‘v\ W:’Qf*rzg
1 ™ Ty MN.. \ ****
- ~n. ey
oL By e T Tl M e
po vvv\v N ED
_3 | JJ3 ————— \'\ &: Um
LB e o, o,
By 0 U
sgn(E), | hQ‘ | > 5 By e "y e e,
mrg -or X
/mr E‘%,A, wove R
6 FO/I0 av 4o rgn
- JEg 777777 Ry 53— *70 k3 \v\ 'y
7 1 L O A 10025 e
- Eg - Loy g =Yy ,\ .
O
A4
-9
-1 -0.5 0 0.5
ro/a

@ Two four-body states for each three-body state
@ Two five-body states for each four-body state
@ Two six-body states for each five-body state



Universality

80 80
60 60
240 g 40
= =
20 20
0 0
06 -04 02 0 02 04 06 06 -04 -02 0 02 04 06

1/k)ap 1/kVap



Universality

80 80
N=3 . :
60 - 60 N =3
240 g 40
~ . ~
20 ° - 20
0 o2 0
06 -04 02 0 02 04 06 06 04 02 0 02 04 06

1/k)ap 1/kVap



Universality

80 80
60 . 60 N=
*
" N = o o
.
240 g 40
~ . ~
=1 Ll — o
R - ..'. X o
. .
20 : T 20 .
)
o
0 - 0 on
06 -04 02 0 02 04 06 06 -04 02 0 02 04 06

1/k)ap 1/kVap



Universality

80 80
60 . + 60 : "
a . - 8
240 s g 40
~ . ~
. ‘fal [N a
20 4 o B e 20 . e
-‘j . . L] a a]
£
0 0 -
06 -04 -02 0 02 04 06 06 -04 -02 0 02 04 06

1/k)ap 1/kVap



Universality

80

04 0.6

0.2

0
1/kVap

-0.2

-0.4

-0.6

-0.2 0 02 04 06
1/kap

-0.4

-0.6



Universality

80 - 80
[ © X
60 . 60
. M ° &
o T el ~ v
SR A s g 40 . "
& ; " & - 5
20 t , 20 N
.“ ©ée S P800 g
0 0 s
06 04 -02 0 02 04 06 06 04 02 0 02 04 06

1/(rg'ap + 1) 1/(xap +17)



Universality

N=3 =
N—4 = N=3 o
N=5 = J N=4 o ?
N o N=5 =
y N=6 ~
S 40 40 N_6 o
oz —
20 20
] Ty Y
\w Bosg.gg
0 0
06 -04 -02 0 02 04 06 06 04 02 0 02 04 06
1/(rg'ap +T§) 1(wYap +17)

Universal Formula
EN/E; = tan® ¢
e A0)/25

N N
Kyag + I, =
n%8 T n cos¢




Universality

-0.6 -0.4 -0.2 0 0.2 0.4 0.6
1/(“6\,}1‘13 + F{J\,Il)

Universal Formula
EN/E; = tan® ¢
e-B(E)/250

N N
Kyag + 1, =
n%8 T n cos¢




References and Collaborators



References and Collaborators

Method
M.G., A. Kievsky, M. Viviani
Phys. Rev. C 83, 024001 (2011)

M.G., A. Kievsky, M. Viviani
Phys. Rev. A 84, 052503 (2011)

M.G., A. Kievsky, M. Viviani
Phys. Rev. A 86, 042513 (2012)



References and Collaborators

Method
M.G., A. Kievsky, M. Viviani
Phys. Rev. C 83, 024001 (2011)

M.G., A. Kievsky, M. Viviani

Phys. Rev. A 84, 052503 (2011) Finite-Range corrections
A. Kievsky, M.G.

M.G., A. Kievsky, M. Viviani Phys. Rev. A 87,052719 (2013)
Phys. Rev. A 86, 042513 (2012)

E. Garrido, M.G., A. Kievsky
Phys. Rev. A 88, 032701 (2013)



References and Collaborators

Method
M.G., A. Kievsky, M. Viviani
Phys. Rev. C 83, 024001 (2011)

M.G., A. Kievsky, M. Viviani

Phys. Rev. A 84, 052503 (2011) Finite-Range corrections
A. Kievsky, M.G.

M.G., A. Kievsky, M. Viviani Phys. Rev. A 87,052719 (2013)
Phys. Rev. A 86, 042513 (2012)

E. Garrido, M.G., A. Kievsky
Phys. Rev. A 88, 032701 (2013)

N-body Universality
M.G., A. Kievsky
arXiv:1309.1927 (2013)



References and Collaborators

Method
M.G., A. Kievsky, M. Viviani
Phys. Rev. C 83, 024001 (2011)

M.G., A. Kievsky, M. Viviani

Phys. Rev. A 84, 052503 (2011) Finite-Range corrections
A. Kievsky, M.G.

M.G., A. Kievsky, M. Viviani Phys. Rev. A 87,052719 (2013)
Phys. Rev. A 86, 042513 (2012)

E. Garrido, M.G., A. Kievsky
Phys. Rev. A 88, 032701 (2013)

N-body Universality
M.G., A. Kievsky
arXiv:1309.1927 (2013)



	Efimov Physics
	Finite-range Effect
	N-body Universality



